The ethnic composition of US scientists and engineers is undergoing a signi…cant transformation. This study applies an ethnic-name database to individual patent records granted by the United States Patent and Trademark O¢ ce to document these trends with greater detail than previously available. Most notably, the contributions of Chinese and Indian scientists to US technology formation increased dramatically in the 1990s, before noticeably leveling o¤ after 2000 and declining in the case of Indian researchers. Growth in ethnic innovation is concentrated in high-tech sectors; the institutional and geographic dimensions are further characterized.
Introduction
The contributions of immigrants to US technology formation are staggering: while foreign-born account for just over 10% of the US working population, they represent 25% of the US science and engineering (SE) workforce and nearly 50% of those with doctorates. Even looking within the Ph.D. level, ethnic researchers make an exceptional contribution to science as measured by Nobel Prizes, election to the National Academy of Sciences, patent citation counts, and so on. 1 Moreover, ethnic entrepreneurs are very active in commercializing new technologies, especially in the high-tech sectors (e.g., Saxenian 2002a ). The magnitude of these ethnic contributions raises many research and policy questions: debates regarding the appropriate quota for H1-B temporary visas, the possible crowding out of native students from SE …elds, the brain-drain or brain-circulation e¤ect on sending countries, and the future prospects for US technology leadership are just four examples. 2 Econometric studies quantifying the role of ethnic scientists and engineers for technology formation and di¤usion are often hampered, however, by data constraints. It is very di¢ cult to assemble su¢ cient cross-sectional and longitudinal variation for large-scale panel exercises. 3 This paper describes a new approach for quantifying the ethnic composition of US inventors with previously unavailable detail. The technique exploits the inventor names contained on the micro-records for all patents granted by the United States Patent and Trademark O¢ ce (USPTO) from January 1975 to May 2008. 4 Each patent record lists one or more inventors, with 8 million inventor names associated with the 4.5 million patents. The USPTO grants patents to inventors living within and outside of the US, with each group accounting for about half of patents over the 1975-2008 period.
This study maps into these inventor names an ethnic-name database typically used for commercial applications. 5 This approach exploits the idea that inventors with the surnames Chang or Wang are likely of Chinese ethnicity, those with surnames Rodriguez or Martinez of Hispanic ethnicity, and so on. The match rates range from 92%-98% for US domestic inventor records, depending upon the procedure employed, and the process a¤ords the distinction of nine ethnicities: Chinese, English, European, Hispanic/Filipino, Indian/Hindi, Japanese, Korean, Russian, 1 For example, Stephan and Levin (2001) , Burton and Wang (1999) , Johnson (1998 Johnson ( , 2001 , and Streeter (1997) . 2 Representative papers are Lowell (2000) , Borjas (2004) , Saxenian (2002b) , and Freeman (2005) respectively. 3 While the decennial Census provides detailed cross-sectional descriptions, its longitudinal variation is necessarily limited. On the other hand, the annual Current Population Survey provides poor cross-sectional detail and does not ask immigrant status until 1994. The SESTAT data o¤er a better trade-o¤ between the two dimensions but su¤er important sampling biases with respect to immigrants (Kannankutty and Wilkinson 1999) . 4 The project initially employed the NBER Patent Data File, compiled by Hall et al. (2001) , that includes patents granted by the USPTO from January 1975 to December 1999. The current version now employs an extended version developed by HBS Research that includes patents granted through mid 2008. Some of the descriptive calculations have not been updated from their 1975-1999 values (noted in text). 5 The database is constructed by the Melissa Data Corporation for the design of direct-mail advertisements. I am grateful to the MIT George Schultz Fund for …nancial assistance in its purchase. and Vietnamese. Moreover, because the matching is done at the micro-level, greater detail on the ethnic composition of inventors is available annually on multiple dimensions: technologies, cities, companies, etc. 6 The next section details the ethnic-name matching strategy, outlines the strengths and weaknesses of the database selected, and o¤ers some validation exercises using patent records …led by foreign inventors with the USPTO. Section 3 then documents the growing contribution of ethnic inventors to US technology formation. The rapid increase during the 1990s in the percentage of high-tech patents granted to Chinese and Indian inventors is particularly striking, as is the leveling o¤ in these trends after 2000. The relative contributions from scientists of European ethnicity, however, decline somewhat from their levels in 1975. The institutional and geographic dimensions of ethnic innovation are further delineated. Section 4 concludes.
Ethnic-Name Matching Technique
This section describes the ethnic-name matching strategy employed with the inventor names contained in the NBER Patent Data File. To begin, two common liabilities associated with using ethnic-name databases are identi…ed. Addressing these limitations guides the selection of the Melissa database and the design of the name-matching strategy, which is described in detail. Descriptive statistics are then provided from a quality-assurance exercise of applying the ethnic-name strategy to inventors residing outside of the US who …le patent applications with the USPTO. The section concludes with a further discussion of the advantages and disadvantages for empirical estimations of the resulting dataset.
Melissa Ethnic-Name Database and Name-Matching Technique
Ethnic-name databases su¤er from two inherent limitations -not all ethnicities are covered, and included ethnicities usually receive unequal treatment. The strength of the ethnic-name database obtained from the Melissa Data Corporation is the identi…cation of Asian ethnicities, especially Chinese, Indian/Hindi, Japanese, Korean, Russian, and Vietnamese names. The database is comparatively weaker for looking within continental Europe. For example, Dutch surnames are collected without …rst names, while the opposite is true for French names. The Asian comparative advantage and overall cost e¤ectiveness led to the selection of the Melissa database, as well as the European amalgamation employed in the matching technique. In total, nine ethnicities are distinguished: Chinese, English, European, Hispanic/Filipino, Indian/Hindi, Japanese, Korean, Russian, and Vietnamese. The largest ethnicity in the US SE workforce absent from the ethnic-name database is Iranian, which accounted for 0.7% of bachelor-level SEs in the 1990 Census. 7 The second limitation is that commercial databases vary in the number of names they contain for each ethnicity. These di¤erences re ‡ect both uneven coverage and that some ethnicities are more homogeneous in their naming conventions. For example, the 1975 to 1999 Her…ndahl indices for Korean (470) and Vietnamese (1121) surnames are signi…cantly higher than Japanese (132) and English (164) due to frequent Korean surnames like Kim (16%) and Park (12%) and Vietnamese surnames like Nguyen (29%) and Tran (12%).
Two polar matching strategies are employed to ensure coverage di¤erences do not overly in ‡uence ethnicity assignments.
Full Matching: This procedure utilizes all of the name assignments in the Melissa database and manually codes any unmatched surname or …rst name associated with 100 or more inventor records. This technique further exploits the international distribution of inventor names within the patent database to provide superior results. 8 The match rate for this procedure is 98% (98% US, 98% foreign). This rate should be less than 100% with the Melissa database as not all ethnicities are included.
Restricted Matching: A second strategy employs a uniform name database using only the 3000 and 200 most common surnames and …rst names, respectively, for each ethnicity. These numerical bars are the lowest common denominators across the major ethnicities studied. The match rate for this restricted procedure is 89% (92% US, 86% foreign).
For matching, names in both the patent and ethnic-name databases are capitalized and truncated to ten characters. Approximately 88% of the patent name records have a unique surname, …rst 7 The ethnic groups employed: Chinese, English, European (including Dutch, French, German, Italian, and Polish names), Hispanic/Filipino (including Latino and Filipino/Tagalog names), Indian/Hindi (including Bangladeshi and Pakistani names), Japanese, Korean, Russian (including Armenian and Carpatho-Rusyns names), and Vietnamese.
The …nal matching procedure employs a joint Hispanic/Filipino ethnicity, while in earlier work they are kept separate. These two ethnic groups are combined due to extensive name overlaps (e.g., the common surnames Martinez and Ramirez are in both ethnic lists), but this choice is not a …rst-order concern.
The Bangladeshi and Pakistani name counts are extremely small (8 and 15 respectively) and are not distinct from the Indian/Hindi names. Their assignment does not materially a¤ect the Indian/Hindi outcome, which represents in some ways a South Asian identifer.
Jewish ethnic names overlap extensively with other ethnic groupings and are not separately treated. A handful of names classi…ed as Arab, Burmese, and Malay are also discarded. 8 A simple rule is applied to take advantage of the information embedded in the patent database itself. If over 90% of the USPTO records associated with a name are concentrated in a non-English ethnicity country or region, the name is assigned that ethnicity. As the test includes the domestic US inventors, comprising over 50% of all inventors, this technique is very stringent and mainly bolsters European ethnic matching (the comparative weakness of the Melissa database). The rule is not applied to names with fewer than ten occurrences during 1975 to 1999. name, or middle name match in the Full Matching procedure (77% in the Restricted Matching), a¤ording a single ethnicity determination with priority given to surname matches.
For inventors residing in the US, representative probabilities are assigned to non-unique matches using the masters-level SE communities in Metropolitan Statistical Areas (MSAs). Ethnic probabilities for the remaining 3% of records (mostly foreign) are calculated as equal shares. MSA ethnic compositions are averages of the 1980 and 1990 US 5% Census …les; they are kept constant through the sample period. The sample considers civilians aged 22-54 listing Engineers, Mathematical and Computer Scientists, or Natural Scientists as their occupations. The master's degree cut-o¤ re ‡ects the higher average education level of patenting scientists within the scienti…c community (e.g., Kannankutty and Wilkinson 1999) . Country of birth is used to assign ethnicities into broad categories that match the name records.
To illustrate, take the San Francisco scienti…c community to be 12.1% Chinese, 66.1% English, and 4.6% European (with other ethnicities omitted). A San Francisco-based record matching to Chinese, English, and European surnames would be assigned a probabilistic ethnicity of 14.6% Chinese, 79.8% English, and 5.6% European (summing to 100%). A China-based record matching all three ethnicities would be assigned a 33.3% probability for each.
Inventors Residing in Foreign Countries and Regions
The application of the ethnic-name database to the inventors residing outside of the US provides a natural quality-assurance exercise for the technique. Inventions originating outside the US account for just under half of USPTO patents, with applications from Japan comprising about half of this foreign total. The top panel of Table 1 summarizes the results, with the rows presenting the matched characteristics for countries and regions grouped to the ethnicities identi…able with the database. The results are very encouraging. First, the Full Matching procedure assigns ethnicities to a large percentage of foreign records, with the match rates greater than 93% for all countries. In the Restricted Matching procedure, a matching rate of greater than 74% holds for all regions.
Second, the estimated inventor compositions are reasonable. The own-ethnicity shares are summarized in the fourth and …fth columns. The weighted average is 86% in the Full Matching procedure, and own-ethnicity contributions are greater than 80% in the UK, China, India, Japan, Korea, and Russia regardless of the matching procedure employed. Like the US, own-ethnicity contributions should be less than 100% due to foreign researchers. The high success rate using the Restricted Matching procedure indicates that the ethnic-name database performs well without exploiting the international distribution of names, although power is lost with Europe. Likewise, uneven coverage in the Melissa database is not driving the ethnic composition trends. Table 1 presents the complete ethnic compositions estimated for the foreign countries. Many of the positive o¤-diagonals are to be expected, either due to foreign expatriates (UK, Vietnam), small sample sizes (Vietnam), or overlaps of common names. Two prominent examples of common names are the surname Lee (Chinese, English, and Korean) and the …rst name Igor (Hispanic and Russian). The most frequent name overlap occurs between the European and Hispanic ethnicities. 9 One advantage the matching technique possesses for inventors residing in the US is the ability to use the Census to assign probabilistic estimates for overlapping names; foreign records are only assigned as equal shares. The last two columns of Table 1 's top panel indicate the percentage of the foreign inventors assigned at least partially to their own-ethnicity. While this study does not make the strong assumption that ties should go to the country's own-ethnicity, the additional power provided by using the US Census for breaking domestic ties is illustrated.
The bottom panel of

Advantages and Disadvantages of Name-Matching Technique
Visual con…rmation of the top 1000 surnames and …rst names in the USPTO records con…rms the name-matching technique works well. Table A1 in the appendix lists the 100 most common surnames of US-based inventors for each ethnicity, along with their relative contributions. These counts sum the ethnic contribution from inventors with each surname. These counts include partial or split assignments. Moreover, they are not necessarily direct or exclusive matches (e.g., the ethnic match may have occurred through the …rst name). While some inventors are certainly misclassi…ed, the measurement error in aggregate trends building from the micro-data is minor. The Full Matching procedure is the preferred technique and underlies the trends presented in the next section, but most applications …nd negligible di¤erences when the Restricted Matching dataset is employed instead.
The matched records describe the ethnic composition of US SEs with previously unavailable detail: incorporating the major ethnicities working in the US SE community; separating out detailed technologies and manufacturing industries; providing city and state statistics; and providing annual metrics. Moreover, the assignment of patents to corporations and institutions a¤ords …rm-level and university-level characterizations (e.g., the ethnic composition of IBM's inventors …ling computer patents from San Francisco in 1985). Detailed econometrics require this level of cross-sectional and longitudinal variation, and the next section provides graphical descriptions along these various dimensions. These descriptive statistics highlight the advantages of name matching through individual patent records.
The ethnic-name procedure does, however, have two potential limitations for empirical work that should be highlighted. First, the approach does not distinguish foreign-born ethnic researchers in the US from later generations working as SEs. The procedure can only estimate total ethnic SE populations, and these levels are to some extent measured with time-invariant error due to the name-matching approach. The resulting data are very powerful, however, for panel econometrics employ changes in these ethnic SE populations for identi…cation. Moreover, Census and INS records con…rm these changes are primarily due to new SE immigration for this period, substantially weakening this overall concern.
The name-matching technique also does not distinguish …ner divisions within the nine major ethnic groupings. For ethnic network analyses, it would be advantageous to separate Mexican from Chilean scientists within the Hispanic ethnicity, to distinguish Chinese engineers with ethnic ties to Taipei versus Beijing versus Shanghai, and so on. These distinctions are not possible with the Melissa database, and researchers should understand that measurement error from the broader ethnic divisions may bias their estimated coe¢ cients downward depending upon the application. 10 Nevertheless, Section 3 demonstrates how the deep variation available with the ethnic patenting data provides a much richer description of US ethnic invention than previously available. Table 2 describes the ethnic composition of US inventors for 1975-2004. 11 The trends demonstrate a growing ethnic contribution to US technology development, especially among Chinese and Indian scientists. Ethnic inventors are more concentrated in high-tech industries like computers and pharmaceuticals and in gateway cities relatively closer to their home countries (e.g., Chinese in San Francisco, European in New York, and Hispanics in Miami). The …nal three rows demonstrate a close correspondence of the estimated ethnic composition to the country-of-birth 10 When mapping the ethnic patenting data to country-level data for international di¤usion estimations, researchers will also need to cluster their standard errors to re ‡ect the multiple country-to-ethnicity mappings. 11 The current patent data incorporate all patents granted by May 2008. The application years of patents, however, provide the best description of when innovative research is being undertaken, due to the substantial and uneven lags in the USPTO reviews. Accordingly, the annual descriptions employed in this study are undertaken by application years. Unfortunately, this approach leads to signi…cant attrition in the last two years -patents are only included in the database if they have been granted, but a smaller number of applications close to the cut-o¤ have completed the review cycle.
Ethnic Composition of US Inventors
Raw patent counts should be treated with caution. Changes in the personnel resources and review policies of the USPTO in ‡uence the number of patents granted over time (e.g., Griliches 1990) , and the explosive climb in patent grants over the last two decades is di¢ cult to interpret (e.g., Kortum Studies seeking to quantify the number of ethnic researchers in the US should supplement this data with immigration records or demographic surveys (with an unfortunate loss of detail). Trajtenberg (2005) and HBS Research are working on algorithms to identify individual scientists with the USPTO data. composition of the US SE workforce in the 1990 Census. 12 The next four subsections more closely examine each dimension of this data. Among the other ethnicities, the Hispanic contribution grows from 3% to 4% from 1975 to 2004. The level of this series is likely mismeasured due to the extensive overlap of Hispanic and European names, but the positive growth is consistent with stronger Latino and Filipino scienti…c contributions in Florida and California. The Korean share increases dramatically from 0.3% to 1.1% over the thirty years, while the Russian climbs from 1.2% to 2.2%. Although di¢ cult to see with Figure 1 's scaling, much of the Russian increase occurs in the 1990s following the dissolution of the Soviet Union. The Japanese share steadily increases from 0.6% to 1.0%. Finally, while the Vietnamese contribution is the lowest throughout the sample, it does exhibit the strongest relative growth from 0.1% to 0.6%. Figure 11 demonstrates that intriguing di¤erences in ethnic scienti…c contributions also exist by institution type. Over the 1975-2004 period, ethnic inventors are more concentrated in government and university research labs and in publicly listed companies than in private companies or as una¢ liated inventors. Part of this levels di¤erence is certainly due to immigration visa sponsorships by larger institutions. Growth in ethnic shares are initially stronger in the government and university labs, but publicly listed companies appear to close the gap by 2004. The other interesting trend in Figure 11 is for private companies, where the ethnic contribution sharply increases in the 1990s. This rise coincides with the strong growth in ethnic entrepreneurship in high-tech sectors. 14 
Contributions by Year
Contributions by Technology
Contributions by Institution
Contributions by Geography
This paper closes its descriptive statistics with an examination of the 1975-2004 ethnic inventor contributions by major cities in Table 3 . Cities are de…ned through 281 Metropolitan Statistical Areas. 15 Not surprisingly, total patenting shares are highly correlated with city size, with the three largest shares of US domestic patenting for 1995-2004 found in San Francisco (12%), New York (7%), and Los Angeles (6%). More interestingly, non-English patenting is more concentrated than general innovation. The 1995-2004 non-English patent shares of San Francisco, New York, and Los Angeles are 19%, 10%, and 8%, respectively. Similarly, 81% of non-English invention occurs in the top 47 patenting cities listed in Table 3 , compared to 73% of total patenting. Indian and Chinese invention is even further agglomerated. San Francisco shows exceptional growth from an 8% share of total US Indian and Chinese patenting in 13 The USPTO issues patents by technology categories rather than by industries. Combining the work of Johnson (1999), Silverman (1999) , and Kerr (2008a) , concordances can be developed to map the USPTO classi-…cation scheme to the three-digit industries in which new inventions are manufactured or used. Scherer (1984) and Keller (2002) further discuss the importance of inter-industry R&D ‡ows. 14 Publicly listed companies are identi…ed from a 1989 mapping developed by Hall et al. (2001) . This company list is not updated for delistings or new public o¤erings. This approach maintains a constant public grouping for reference, but it also weakens the respresentativeness of the public and private company groupings at the sample extremes for current companies.
Industry patents account for 72% of patents granted from 1980-1997. Public companies account for 59% of industry patents during the period and are identi…ed through Compustat records. Government and university institutions are identi…ed through institution names and account for about 4% of patents granted. Federally funded research and development centers (FFRDCs) are included in both industry and government groups. Unassigned patents account for about 26% of patents granted. 15 MSAs are identi…ed from inventors'city names using city lists collected from the O¢ ce of Social and Economic Data Analysis at the University of Missouri, with a matching rate of 99%. Manual coding further ensures all patents with more than 100 citations and all city names with more than 100 patents are identi…ed. 1975-1984 to 25% in 1995-2004 , while the combined shares of New York and Chicago decline from 22% to 13%. Agrawal et al. (2007a,b) and Kerr (2008c) further describe ethnic inventor agglomeration in the US using the ethnic name approach.
Not only are ethnic scientists disproportionately concentrated in major cities, but growth in a city's share of ethnic patenting is highly correlated with growth in its share of total US patenting. Across the whole sample and including all of the intervening years, an increase of 1% in a city's ethnic patenting share correlates with a 0.6% increase in the city's total invention share. This coe¢ cient is remarkably high, as the ethnic share of total invention during this period is around 20%. Shifts in the concentration of ethnic inventors appear to facilitate changes in the geographic composition of US innovation. 16 
Conclusion
Ethnic scientists and engineers are an important and growing contributor to US technology development. The Chinese and Indian ethnicities, in particular, are now an integral part of US invention in high-tech sectors. This paper describes how the probable ethnicities of US researchers can be determined at the micro-level through their names available with USPTO patent records. The ethnic-name database this study employs distinguishes nine ethnic groups, and the matched database describes the ethnic composition of US inventors with previously unavailable cross-sectional and longitudinal detail. This richer variation can support more detailed and informative empirical analyses than would be feasible otherwise. 16 The ethnic-name approach does not distinguish ethnic inventor shifts due to new immigration, domestic migration, or occupational changes. It is likewise beyond the scope of this descriptive note to explore issues of causality or e¤ects on native workers. See Kerr and Lincoln (2008) 
